The hadronic tau decay τ − → ν τ ηπ − π 0 occurs through V-A weak current. In this decay mode, the vector current contribution is intrinsic parity violating and the axial current contribution is G parity violating. The latter contribution is suppressed due to tiny isospin breaking. We have computed both vector and axial vector form factors using a chiral Lagrangian with vector mesons including the effect of isospin breaking and intrinsic parity violation. A numerical result of the invariant mass distribution is shown and the structure of ρ resonance can be seen in the distribution with respect to M π − π 0 .
I. INTRODUCTION: INTRINSIC PARITY VIOLATION OF τ DECAY
Many hadronic τ decay modes are found. Among them, decay modes with more than two pseudo-Nambu Goldstone bosons as a final state are interesting since they include both intrinsic parity (IP) violating and conserving amplitudes [1] , [2] , [3] , [4] . IP for bound state of quark and anti-quark is assigned to scalar, pseudo-scalar, vector and axial vector mesons. IP = +1, S ij =q j q i , V µij =q j γ µ q i ,
IP = −1, P ij = iq j γ 5 q i , A µij =q j γ µ γ 5 q i .
With this assignment, IP is the sign which one obtains by replacing γ 5 with −γ 5 . As for gauge bosons, which are not bound state of quark and anti-quark, vector gauge boson is regarded as,
where A L (A R ) denotes the gauge boson which couples to left(right)-handed quark.
The IP is defined as the sign which one obtains by interchanging A L and A R in Eq.(2).
Therefore, IP of a single photon is +1. The hadronic current of the weak decay amplitude Next we consider another parity called G parity. G parity is defined as Ce iπIy . As shown in Table I , G parity for η is +1 which is different from pion's G parity. G parity and IP of vector current are the same to each other and is +1. Their assignment on axial current is also the same and it is −1. One also notes that pion's G parity and IP are the same to each other and they are −1. Therefore vector current contribution is G parity conserving and IP violating while the axial current contribution is G parity violating and IP conserving.
II. INTERACTION AND FORM FACTORS
The weak interaction which is relevant for τ
The hadronic matrix elements for vector and axial vector currents between vacuum and ηπ − π 0 are written as,
where F i (i = 1 − 4) are form factors and V iµ are written in terms of the four vectors of mesons in the final states.
where ǫ 0123 = 1. The form factor F 3 for vector current is G parity conserving and IP violating.
The axial vector form factors F 1 , F 2 , and F 4 are G parity violating and IP conserving.
III. ISOSPIN BREAKING AND π 0 AND η(η ′ ) MIXING
To compute the matrix element for the hadronic current, we introduce a chiral Lagrangian with vector mesons. The axial vector form factor becomes non-zero due to the isospin violation and we must keep the mass difference of up quark and down quark. Since the IP is conserved for the matrix element for the axial current, we adopt the IP conserving part of Lagrangian [5] ,
where we use SU(3) octet mesons which are given by 3 × 3 matrix; π = 8 a=1 π a T a to write the pseudo Nambu Goldstone bosons. The fields which appear in Eq.(6) are given as,
where 
and it is IP conserving. We introduce isospin breaking by keeping the mass difference of up quark and down quark and the current quark mass M q is given as,
π 0 and the other isosinglet mesons η, η ′ are mixed. Since the axial vector form factor is G parity violating and very sensitive to the mixing matrix of the neutral mesons, we investigate their mass squared matrix,
where
. We note ∆ K denotes the isospin breaking and is proportional to m u − m d . The mass matrix has two parameters G 2p
and M 2 0 . The latter is constrained by the relation,
We diagonalize Eq. (9) and determine the mixing matrix. Using the masses of pseudo-scalar
one obtains the mass eigenvalues as function of the dimensionless parameter G 2p . In Fig.1 , we show ∆m = mass eigenvalue -physical mass for π 0 , η and η ′ as a function G 2p . We find that one can reproduce masses of η and η ′ for |G 2p | ∼ 0.43. However, the predicted neutral pion mass is higher than its physical value and the discrepancy is about 5 (MeV). We expect the discrepancy could be remedied if we have introduced the electromagnetic effect and leave it for future study. Ignoring the discrepancy, one obtains the mixing matrix O which relates original basis to the mass eigen-states. 
where we have shown elements of O for G 2p = −0.43. Having determined the mixing matrix, one can compute Feynman diagrams which contribute to the form factors for axial vector current; F 1 , F 2 and F 4 . The amplitude is proportional to off-diagonal elements of O and suppressed by tiny isospin violation and vanishes in the isospin limit. 
IV. VECTOR FORM FACTOR AND INTRINSIC PARITY VIOLATION
The intrinsic parity violating interaction contributes to the vector form factor. There are two categories of interactions with intrinsic parity violating effect. One is Wess Zumino term, [6] [7]
and it contributes to the vector form factor F 3
as,
The other intrinsic parity violating part including the vector meson contribution is obtained from [8, 9] . Some of the terms in [8] are not charge conjugation invariant and we use the following terms,
See [4] with another resonance chiral Lagrangian.
V. THE HADRONIC INVARIANT MASS DISTRIBUTION
Following [2] , the hadronic invariant mass distribution is given as,
X=A,B,SA
π − π 0 η and W X (X = A, B, SA) are defined as, where the kinematical variables x 1 ∼ x 4 are defined through the energies and momenta of hadrons in the hadronic rest frame. 
In Fig.2 , we have plotted the differential branching fraction as a function of M π − π 0 for fixed M π − π 0 η and M π − η . We set C 1 = C 2 = C 4 = 1.
VI. CONCLUSION
1 We have studied intrinsic parity violating process τ − → ηπ − π 0 ν taking G parity violating effect into account.
